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ABSTRACT 
Electronic nose with sensors is used in many industries and for various applications such as quality control, process 
monitoring, shelf life evaluation, origin or authenticity assessment. The aim of this work was to investigate the electronic 
nose with FID detectors applicability for characterization of steamed cheese and for the assessment of steamed cheese 
quality decay during storage. Samples of smoked and unsmoked steamed cheese varieties from 5 Slovak enterprises 
concerning different regions of Slovakia were analysed. Data from aroma profiles were processed by statistical technique 
PCA. Compounds like acetaldehyde, 1-propanal, propanoic acid, ethyl hexanoate, furfural, butan-2-one, isovaleric acid,  
1-hexanol or α-pinene were determined as significant flavours in fresh steamed cheese samples. In the current study, no 
significant differences in aroma profiles between fresh and stored cheese samples were confirmed. Thus, differences in 
main odour substances composition of steamed cheese varieties, obtained from various producers in several geographic 
regions of Slovakia, were minor. 
Keywords: Slovak steamed cheese; aroma profile; e-nose; authentication
INTRODUCTION 
 Electronic nose (e-nose) is an odour detection device 
using a sensor array (Delgado-Rodríguez et al., 2012). 
Many industries use e-nose for diverse applications such as 
quality control (Li et al., 2017; Xu et al., 2017; Gancarz 
et al. 2017; Chen et al., 2018; Buratti et al., 2018), 
process monitoring, durability assessment, origin ranking 
and originality (Wilson and Baietto, 2009; Śliwińska et 
al., 2014; Li et al., 2017). Another implementation of  
e-nose in the food industry involve dairy products 
classification whether in terms of flavour, variety type, 
geographical origin, ripening stage (in case of cheese) or 
its shelf life prediction (Ampuero and Bosset, 2003).  
E-nose can be used also to monitor volatile compounds 
that indicate female cattle fertile period, acknowledged by 
the study of Manzoli et al. (2019). 
 Working principle of e-nose Heracles II is gas 
chromatography, detecting aroma compounds of very 
small concentrations in real-time of a few minutes and 
identifying them by comparing Kovats retention indices 
with the NIST library. To obtain vital information from the 
analysis of samples, multivariate statistics is applied most 
frequently (Buratti et al., 2018). The use of e-nose 
analysis is a rapid, easy, reliable, accurate and non-
polluting method practice. 
 Aroma perception occurs by olfaction, when olfactory 
receptors placed on the nasal cavity roof are stimulated by 
aroma active compounds. In terms of flavour recognition 
during food or beverage consumption, the aroma active 
compounds are perceived retronasally. Different 
combinations of large variety of compounds including 
short, medium chain fatty acids, alcohols, aldehydes, 
ketones, esters or sulphur compounds create  
a characteristic smell and flavour of each and every cheese 
product. Multiple cheese types may consist of the same 
aroma active compounds, yet they differ from each other 
by altered amount, and therefore the percentage content, of 
particular component in such product (Niimi et al., 2014). 
According to Commission Regulation (EC) No 
656/2008, the protected geographical indication 
"Slovenská parenica" is an official label of Slovak 
parenica type steamed cheese if it meets all characteristics 
and requirements defined within this Regulation (referring 
to Council Regulation (EC) No 510/2006). Here, Slovak 
parenica is defined as “a steamed, lightly smoked cheese 
wound into two rolls 6 – 8 cm in diameter and 5 – 8 cm 
high, connected in a ‘S’- shape having yellow to brown 
colour on the outside after smoking; white to buttery 
yellow on the inside. The rolls are bound with cheese 
string or chain. Prior to being rolled up, the cheese strip is 
2 – 3 mm thick, 5 – 8 cm wide and 4 – 6 m long. The 
ingredients used are fresh raw, unprocessed ewe's milk 
from grazing ewes of the Wallachian, improved 
Wallachian, Cigaja and East Friesian breeds or a mixture 
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of fresh raw, unprocessed ewe's milk and fresh raw, 
unprocessed cow's milk, containing at least 50% ewe's 
milk”. In Slovakia, the production of parenica type cheese 
is very widespread, directed either as mechanized 
production for big dairy factories or as manual operation 
by small corporations. 
 In presented study, Slovak steamed cheese samples, 
produced by small and medium manufacturers from 
pasteurized raw cows' milk, were analysed. Being 
processed from cow's milk, they are not referred to as 
Slovenská parenica. For this work`s purposes, we will 
refer to the analysed samples as the steamed cheese in the 
following text. At the beginning of the steamed cheese 
production, a starter culture is added to the milk for the 
fermentation process and thereby to reduce the pH of the 
milk to the desired level. For such aim, mesophilic culture 
(Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. 
cremoris) and thermophilic culture (Streptococcus 
salivarius subsp. thermophilus, Lactobacillus delbrueckii 
subsp. bulgaricus) are the most commonly used ones 
(Onipchenko et al., 2012). After the starter culture 
inoculation, the rennet is added, and the coagulation phase 
of milk begins. The optimum coagulation temperature is 
30 to 35 °C. The created cheese curd is then treated by 
cutting, stirring and heating to a higher temperature, 
resulting in separating the whey out and thereby reducing 
the water content. The raw cheese block is then pressed 
with gentle pressure to promote the separation of the whey 
and such a cheese block is then an input raw material for 
the steaming process. The steaming process runs in two 
stages. In the first steaming stage, the shredded cheese 
curd is dosed into a hot water tank (65 – 85 °C). Due to the 
high temperature, the raw cheese dough gets a stretchable 
and mouldable consistency. In the second steaming stage, 
the raw dough is stretched and kneaded. After these 
phases, the next step in steamed cheese production is 
forming the cheese into desired shapes. Finally, the 
steamed cheese is subjected to a salt bath and in case of 
smoked cheese products the salted cheese undergoes 
smoking process (Muliawan and Hatzikiriakos, 2008; 
Zimanová et al., 2016). 
 
Scientific hypothesis 
 The aim of this study was to determine differences 
between steamed cheese products and to confirm the 
ability to evaluate the authentication of these products 
using the fast method of electronic nose with FID 
detectors. 
 
MATERIAL AND METHODOLOGY 
Sampling 
 Samples of smoked (S) and unsmoked (U) steamed 
cheese varieties from 4 Slovak enterprises classified as 
medium enterprises (samples no. 1, 2, 4, 5) and one small 
enterprise (sample no. 3) from different regions of 
Slovakia were collected. Samples were processed from 
pasteurized cow's milk. Sampling was performed on the 
day of production, and analysis of fresh samples was 
carried out on the following day. Subsequently, analyses of 
samples were performed again after storing the samples for 
14 days at 4 – 8 °C. Samples were stored in original 
packaging bags sealed under protective atmosphere 
conditions in refrigerator at temperature 4 – 8 °C. 
 
Sample preparation 
 Steamed cheese samples were sliced into small pieces, 
and by 4 g weighed into clean 20 mL headspace vials 
closed by magnetic cap with PTFE/Sil septum. Thus, 
prepared samples were stirred at 50 °C for 15 minutes on  
a shaker included as a part of the GC headspace 
autosampler (Combi Pal, Alpha M.O.S.). 
 
Determination of aroma profiles 
 E-nose with two FID detectors (Heracles II, Alpha 
M.O.S.) was used for determination of steamed cheese 
samples aroma profiles. From the saturated air above the 
sample level, 5 mL volume was withdrawn using  
a headspace autosampler syringe and dispensed into the  
e-nose injector heated to 200 °C. The analysis itself lasted 
for 110 seconds and the separation of aroma compounds 
took place in two columns with following temperature 
program; for the 1st column: isotherm 80 °C, for the 2nd 
column: initial temperature 50 °C and temperature gradient 
3 °C.s-1 to 250 °C. Hydrogen was used as the carrier gas. 
Identification of the compounds was performed by 
matching the measured peaks with Kovats´retention 
indices with NIST library (The National Institute of 
Standards and Technology library) by software Alpha Soft 
V14 (Alpha M.O.S.). 
 
Statistical analysis 
 Compounds with a discriminant >0.990 were selected, 
based on which the semi-qualitative evaluation was 
performed and PC analysis (Principal Component 
Analysis) was made by Alpha Soft V 14 (Alpha M.O.S.) 
software. Descriptors were analysed using single factor 
analysis of variance and significance was at p <0.001. 
 
RESULTS AND DISCUSSION 
 Thirteen specified aromatic compounds with  
a discriminant >0.990 were selected, based on which the 
semi-qualitative evaluation was performed and PCA 
analysis was made. Figure 1 displays results processed by 
PCA technique of the aroma profile of fresh steamed 
cheese samples. Among smoked and unsmoked fresh 
steamed cheese from the suppliers no. 1, no. 2 and no. 3 
(negative scores), and no. 4 and no. 5 (positive scores) no 
statistically significant differences (p <0.001) were evident 
in their aroma profiles (PC1 axis 95.94%). On the 
contrary, samples of smoked (negative scores) and 
unsmoked (positive scores) fresh steamed cheese from 
suppliers no. 2, no. 3, no. 4 and no. 5 were differed in their 
aroma profiles in the PC2 axis (3.34%). It is assumed that 
these manufacturers use a different way for cheese 
smoking in terms of wood used in combustion process. 
 Cheese types such as Italy mountain cheese, Camembert 
cheese, Mozzarella cheese, Cheddar cheese etc. are also 
the subject of number of studies (Carafa et al., 2019; 
Batty, Waite-Cusic, Meunier-Goddik, 2019; Kim et al., 
2014; Velasco et al., 2019), which are of a different 
cheese type as our investigated samples are, and therefore 
it is not possible to comapre the results of the Slovak 
steamed cheese samples with the results of the studies 
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mentioned above. The aroma profile of unripened steamed 
cheese produced from cows' milk is not fully investigated 
and reported, and therefore the results might not correlate 
with results of the authors of other studies. 
 Semi-qualitative evaluation was based on comparison of 
the Kovats` retention indices with the NIST library. 
Samples were divided into three groups, each consisting of 
samples with only small differences in their aroma 
components composition. As significant compound 
(discriminant >0.990) responsible for the fresh steamed 
cheese aroma, 1-propanal was detected in samples 1S, 1U, 
3U and 2U. Differences causing compounds in aroma 
profiles of 2S and 3S fresh samples, compared to the other 
samples, were acetaldehyde, ethyl hexanoate, isovaleric 
acid, 1-hexanol, furfural, butan-2-one and α-pinene. 
Bhandari et al. (2016) determined the aromatic profile of 
ripened Italian Parmigiano Reggiano cheese from 
unpasteurized milk by SPME-GC-MS and detected of 
furfural, ethyl butanoate, ethyl hexanoate, ethyl octanoate, 
2-nonanone, 2-heptanone, 3-methyl butanal, acetic, 
butanoic, hexanoic, octanoic and decanoic acids and 
benzeneacetaldehyde as the major compounds. On the 
contrary, carboxylic acids were the most abundant aroma 
compounds in the Torta del Casar cheese performing 
SPME-GC-MS analysis, specifically acetic, butanoic, 
hexanoic and octanoic acids (Delgado-Martínez et al., 
2019). 
 Smoked and unsmoked fresh steamed cheese samples 
from suppliers no. 4 and no. 5 differed from other samples 
by the presence of propanoic acid and 1-propanal in their 
aroma profiles composition. Identified compounds 
matched the NIST library with ≥50%. Therefore, 
 
Figure 1 Projection of the samples onto the space defined by the first two principal components (PC1/PC2). Sample 
groups according to fresh: S (smoked steamed cheese) and U (unsmoked steamed cheese) of five Slovak producers  
(1 – 5). 
 
Figure 2 Projection of the samples onto the space defined by the first two principal components (PC1/PC2). Sample 
groups according to stored: S (smoked steamed cheese) and U (unsmoked steamed cheese) of five Slovak producers  
(1 – 5). 
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verification of presented claims for comparison of aroma 
profiles by GC-MS or GC-FID-O analysis is highly 
recommended (Sádecká et al., 2014; Šaková et al., 2015; 
Sádecká et al., 2016). 
 Samples were stored in the original sealed packages in 
refrigerator for 14 days, after which their aromatic profiles 
were determined the similar way as the fresh samples. The 
stored smoked steamed cheese samples 2S-14, 3S-14 nad 
5S-14 were found in the negative scores of PC2 axis, while 
stored unsmoked samples from the same suppliers (2U-14, 
3U-14 and 5U-14) were plotted in the positive PC2 axis 
1.53%. There were no differences in the aroma profiles of 
the samples from the suppliers no. 1 and no.4 (1S-14 and 
1U-14, 4S-14 and 4U-14) (PC2). 
 Evaluation was done by comparing Kovats` retention 
indices with NIST library (≥50%) and PCA analysis (see 
Figure 2). In case of stored steamed cheese samples, the 
number of compounds generating differences in the 
aromatic profile with discriminant >0.990 increased  
to 21 as oppose to the fresh ones. In analogy to the fresh 
samples, similar relationships between samples were 
observed, with propanal, acetaldehyde, isovaleric acid,  
1-hexanol, furfural or α-pinene as predominating 
compounds. For smoked samples from suppliers no. 2 and 
no. 3 compounds such as diacetyl, 2-pentanone,  
3-heptanone, 2-heptanone, ethyl hexanoate, hexanal and  
2-methylpropanal. For stored samples no. 4 and no. 5, 
except propanoic acid and propanal, 2-methylpropanol was 
also a significant component of their aroma profiles, yet it 
was not recorded as significant in the equivalent fresh 
samples of the same suppliers. 
 For example, Majcher et al. (2011) studied a special 
type of Polish smoked (1 or 3 days) ewe cheese called 
Oscypek. Analysed smoked cheese consisted compounds 
from biochemical reactions (carboxylic acids, alcohols, 
aldehydes, ketones, esters, sulfur compounds), from 
smoking (furans/furanones, phenols) and from milk 
flavour (terpenes). The results of our research, analysing 
aroma profiles of Slovak steamed cheese by e-nose, 
confirm the presence of above mentioned compounds 
(furfural, propanoic acid, diacetyl, ethyl hexanoate, etc.) 
and compounds alike (2-butanone, propionaldehyde, etc.). 
Thomsen et al. (2014), examined the aroma profile of 
seven commercial semi-hard cheese samples by GC-MS 
and their study is to some extent comparable to the aroma 
profile (2-propanol, 2-methyl-propanol, 3-methyl butanal, 
diacetyl, ethyl acetate, ethyl propanoate, ethyl butyrate, 
propanoic acid) of this work`s steamed cheese samples. 
Guarrasi et al. (2017) examined the effect of starter and 
non-starter lactic acid bacteria on the aromatic profile of 
Caciocavallo Palermitano cheese, traditional cheese in 
Western Sicily. The class of ketones represented  
a consistent percentage of the volatile compounds, 
followed by alcohols and esters. 2-butanol, butanoic and 
hexanoic acids and their esters, diacetyl and 3-hydroxy-2-
butanone have been identified as significant compounds of 
volatile profiles of cheese by lactic acid bacteria. The 
identified α-pinene from terpenes group is usually 
introduced to cheese flavour as milk constituents 
(Nogueira, Lubachevsky and Rankin, 2005; Majcher et 
al., 2011). 
 No statistically significant differences (PCA) (p <0.001) 
in aroma profiles of fresh and stored samples were 
detected when comparing samples from the same supplier, 
depicted in Figure 3, except smoked fresh (negative axis 
PC2) and stored (positive axis PC2) samples from the 
supplier no. 4. 
 
CONCLUSION 
 This study for the first time proved possibility of steamed 
cheese quality evaluation in only a few minutes using  
e-nose. This simple and rapid method could be 
implemented also during sensory evaluation by tasters, 
allowing and granting a fast and inexpensive analysis of 
the controversial samples.  
 The results of this research have shown that odours of 
steamed cheese, obtained from several producers of 
different geographic Slovak regions, varied only a little in 
 
Figure 3 Projection of the samples onto the space defined by the first two principal components (PC1/PC2). Sample 
groups according to storage conditions: S (smoked steamed cheese) and U (unsmoked steamed cheese) of five Slovak 
producers (1 – 5). 
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terms of the main representative aroma substances by 
means of e-nose detection. Slight differences could be 
caused due to the use of cows' milk instead of ewe's milk, 
due to the different geographical area, and also due to the 
presence of various non-starter and starter dairy bacteria. 
The 2S and 3S samples had a different aromatic 
composition compared to other samples, thus opening up 
the space for evaluation of the cheese smoking effect on 
the aroma profile of the smoke vapours. For confirmation 
of submitted conclusions, it is appropriate to measure  
a larger number of samples and therefore obtain extensive 
data of the supplied products. 
 
REFERENCES 
Ampuero, S., Bosset, J. O. 2003. The electronic nose 
applied to dairy products: a review. Sensors and Actuators B, 
vol. 94, no. 1, p. 1-12. https://doi.org/10.1016/S0925-
4005(03)00321-6 
Batty, D., Waite-Cusic, J. G., Meunier-Goddik, L. 2019. 
Influence of cheese-making recipes on the composition and 
characteristics of Camembert-type cheese. Journal Dairy 
Science, vol. 102, p. 164-176. 
https://doi.org/10.3168/jds.2018-14964 
Bhandari, M. P., Núñez Carmona, E., Galsyan, V., 
Sberveglieri, V. 2016. Quality evaluation of Parmigiano 
Reggiano cheese by a novel nanowire device S3 and 
evaluation of the VOCs profile. Procedia Engineering, vol. 
168, p. 460-464. https://doi.org/10.1016/j.proeng.2016.11.126 
Buratti, S., Malegori, C., Benedetti, S., Oliveri, P., 
Giovanelli, G. 2018. E-nose, e-tongue and e-eye for edible 
olive oil characterization and shelf life assessment: 
A powerful data fusion approach. Talanta, vol. 182, p. 131-
141. https://doi.org/10.1016/j.talanta.2018.01.096 
Carafa, I., Stocco, G., Franceschi, P., Summer, A., Tuohy, 
K. M., Bittante, G., Franciosi, E. 2019. Evaluation of 
autochthonous lactic acid bacteria as starter and non-starter 
cultures for the production of Traditional Mountain cheese. 
Food Research International, vol. 115, p. 209-218. 
https://doi.org/10.1016/j.foodres.2018.08.069 
Chen, Q., Song, J., Bi, J., Meng, X., Wu, X. 2018. 
Characterization of volatile profile from ten different varieties 
of Chinese jujubes by HS-SPME/GC-MS coupled with E-
nose. Food Research International, vol. 105, p. 605-615. 
https://doi.org/10.1016/j.foodres.2017.11.054 
Commission Regulation (EC) No. 656/2008 of 10 July 2008, 
registering certain names in the Register of protected 
designations of origin and protected geographical indications 
(Chamomilla Bohemica (PDO), Vlaams-Brabantse tafeldruif 
(PDO), Slovenská parenica (PGI), Cipollotto Nocerino 
(PDO)). 11.7.2008. 
Delgado-Martínez, F. J., Carrapiso, A. I., Contador, R., 
Rosario Ramírez M. 2019. Volatile compounds and sensory 
changes after high pressure processing of mature “Torta del 
Casar” (raw ewe´s milk cheese) during refrigerated storage. 
Innovative Food Science and Emerging Technologies, vol. 52, 
p. 34-41. https://doi.org/10.1016/j.ifset.2018.11.004  
Delgado-Rodríguez, M., Ruiz-Montoya, M., Giraldez, I., 
López, R., Madejón, E., Díaz, M. J. 2012. Use of electronic 
nose and GC-MS in detection and monitoring some VOC. 
Atmospheric Environment, vol. 51, p. 278-285. 
https://doi.org/10.1016/j.atmosenv.2012.01.006 
Gancarz, M., Wawrzyniak, J., Gawrysiak-Witulska, M., 
Wiącek, D., Nawrocka, A., Tadla, M., Rusinek, R. 2017. 
Application of electric nose with MOS sensors to prediction 
of rapessed quality. Measurement, vol. 103, p. 227-234. 
https://doi.org/10.1016/j.measurement.2017.02.042 
Guarrasi, V., Sannino, C., Moschetti, M., Bonanno A., Di 
Grigoli, A., Settanni, L. 2017. The individual contribution of 
starter and non-starter lactic acid bacteria to the volatile 
organic compound composition of Caciocavallo Palermitano 
cheese. International Journal of Food Microbiology, vol. 259, 
p. 35-42. https://doi.org/10.1016/j.ijfoodmicro.2017.07.022 
Kim, N. S., Lee, J. H., Han, K. M., Kim, J. W., Cho, S., 
Kim, J. 2014. Discrimination of commercial cheeses from 
fatty acid profiles and phytosterol contents obtained by GC 
and PCA. Food Chemistry, vol. 143, p. 40-47. 
http://dx.doi.org/10.1016/j.foodchem.2013.07.083 
Li, Q., Yu, X. Z., Xu, L. R., Gao, J. M. 2017. Novel method 
for the producing area identification of Zhonging Goji berries 
by electronic nose. Food Chemistry, vol. 211, p. 1113-1119. 
https://doi.org/10.1016/j.foodchem.2016.11.049 
Majcher M. A., Goderska, K., Pikul, J., Jeleń, H. H. 2011. 
Changes in volatile, sensory and microbial profiles during 
preparation of smoked ewe cheese. Journal of the Science of 
Food and Agriculture, vol. 91, no. 8, p. 1416-1423. 
https://doi.org/10.1002/jsfa.4326 
Manzoli, A., Steffens C., Paschoalin R. T., Grabonski, A. 
M., Brandão,H. M., Carvalho B. C., Bellini J. L., de Paula 
Herman, J. L. 2019. Volatile compounds monitoring as 
indicative of female cattle fertile period using electronic nose. 
Sensors and Actuators B: Chemical, vol. 282, p. 609-616. 
https://doi.org/10.1016/j.snb.2018.11.109 
Muliawan, E. B., Hatzikiriakos, S. G. 2008. Rheology of 
mozzarella cheese: Extrusion and rolling. International Dairy 
Journal, vol. 18, no. 6, p. 615-623. 
https://doi.org/10.1016/j.idairyj.2007.10.015  
Niimi, J., Eddy, A. I., Overngton, A. R., Heeman, S. P., 
Silcock, P., Bremer, P. J., Delahunty, C. M. 2014. Aroma-
taste interactions between a model cheese aroma and five 
basic tastes in solution. Food Quality and Preference, vol. 31, 
p. 1-9. https://doi.org/10.1016/j.foodqual.2013.05.017 
Nogueira, M. C. L., Lubachevsky, G., Rankin, S. A. 2005. 
A study of the volatile composition of Minas cheese. LWT-
Food Science and Technology, vol. 38, p. 555-563. 
https://doi.org/10.1016/j.lwt.2004.07.019 
Onipchenko, N., Doležalová, M., Procházková, E., 
Martinková, I., Hrabě, J. 2012. Changes in microflora during 
production of steamed cheeses (Změny mikroflóry během 
výroby pařených sýrů). Mlékarské listy, vol. 132, p. 1. (In 
Czech) 
Sádecká, J., Kolek, E., Pangallo, D., Valík, L., Kuchta, T. 
2014. Principal volatile odorants and dynamics of their 
formation during the production of May Bryndza cheese. 
Food Chemistry, vol. 150, p. 301-306. 
https://doi.org/10.1016/j.foodchem.2013.10.163  
Sádecká, J., Šaková, N., Pangallo, D., Koreňová, J., Kolek, 
E., Puškárová, A., Bučková, M., Valík, L., Kuchta, T. 2016. 
Microbial diversity and volatile odour-active compounds of 
barrelled ewes  ´ cheese as an intermediate product that 
determines the quality of winter bryndza cheese. LWT-Food 
Science and Technology, vol. 70, p. 237-244. 
https://doi.org/10.1016/j.lwt.2016.02.048  
Śliwińska, M., Wiśniewska, P., Dymerski, T., Namieśnik, 
J., Wardencki, W. 2014. Food analysis using artificial senses. 
Journal of Agricultural and Food Chemistry, vol. 62, no. 7, p. 
1423-1448. https://doi.org/10.1021/jf403215y  
Šaková, N., Sádecká, J., Lejková, J., Puškárová, A., 
Koreňová, J., Kolek, E., Valík, Ľ., Kuchta, T., Pangallo, D. 
2015. Characterization of May bryndza cheese from various 
regions in Slovakia based on microbiological, molecular and 
Potravinarstvo Slovak Journal of Food Sciences 
Volume 13 267  No. 1/2019 
principal volatile odorants examination. Journal of Food and 
Nutrition Research, vol. 54, no. 3, p. 239-251.  
Thomsen, M., Gourrat, K., Thomas-Danguin, T., Guichard, 
E. 2014. Multivariate approach to reveal relationships 
betweeen sensory perception of cheeses and aroma profile 
obtained with different extraction methods. Food Research 
International, vol. 62, p. 561-571. 
https://doi.org/10.1016/j.foodres.2014.03.068 
Velasco, R., Cambero, M. I., Ordóñez, J. A., Concepción 
Cabeza, M. 2019. The impact of E-beam treatment on the 
microbial population and sensory quality of hard annatto-
coloured cheese. LWT-Food Science and Technology, vol. 
101, p. 315-322. https://doi.org/10.1016/j.lwt.2018.11.045 
Wilson, A. D., Baietto, M. 2009. Applications and advances 
in electronic nose technologies. Sensors, vol. 9, no. 7, p. 
5099-5148. https://doi.org/10.3390/s90705099  
Xu, K., Wang, J., Wei, Z., Deng, F., Wang, Y., Cheng, S. 
2017. An optimalization of the Mos electronic nose sensors 
array for the detection of Chinese pecan quality. Journal of 
Food Engineering, vol. 203, p. 25-31. 
https://doi.org/10.1016/j.jfoodeng.2017.01.023 
Zimanová, M., Greifová, M., Body, P., Herian, K. 2016. 
Technológia výroby parených syrov. Chemické Listy vol. 
110, p. 258-262. Available at: http://www.chemicke-
listy.cz/docs/full/2016_04_258-262.pdf 
 
Acknowledgments: 
This work was supported by APVV-16-0244 and by 
Research Center AgroBioTech built in accordance with the 
project Building Research Center „AgroBioTech“ ITMS 
26220220180. 
 
 
Contact address: 
 *Jana Štefániková, Slovak University of Agriculture in 
Nitra, Research Centre of AgroBioTech, Tr. A. Hlinku 2, 
949 76 Nitra, Slovakia, Tel.: +421376414911, E-mail: 
jana.stefanikova@uniag.sk 
 Veronika Nagyová, Slovak University of Agriculture in 
Nitra, Research Centre of AgroBioTech, Tr. A. Hlinku 2, 
949 76 Nitra, Slovakia, Tel.: +421376414915, E-mail: 
veronika.nagyova@uniag.sk 
 Matej Hynšt, Slovak University of Agriculture in Nitra, 
Research Centre of AgroBioTech, Tr. A. Hlinku 2, 949 76 
Nitra, Slovakia, Tel.: +421376414917, E-mail: 
matej.hynst@uniag.sk 
 Vladimír Vietoris, Slovak University of Agriculture, 
Faculty of Biotechnology and Food Sciences, Department 
of Storing and Processing of Plant Products, Tr. A. Hlinku 
2, 949 76 Nitra, Slovakia, Tel: +421376414793, E-mail: 
vladimir.vietoris@uniag.sk 
 Patrícia Martišová, Slovak University of Agriculture, 
Faculty of Biotechnology and Food Sciences, Department 
of Storing and Processing of Plant Products, Tr. A. Hlinku 
2, 949 76 Nitra, Slovakia, Tel: +421376414608, E-mail: 
xmartisovap@uniag.sk 
 Ľudmila Nagyová, Slovak University of Agriculture, 
Faculty of Economics and Management, Department of 
Marketing and Trade, Tr. A. Hlinku 2, 949 76 Nitra, 
Slovakia, Tel.: +421376414102, E-mail: 
nagyoval26@gmail.com 
 
Corresponding author: * 
 
 
